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ABSTRACT 

Background and Purpose: Covid-19 as a world problem has caused devastation in our 

lives from health issues to the economy, where many people try every day to overcome 

this hardness, like developing vaccines and recovering the economy. Our project wants 

to make contributions to this problem by building a high-performance Covid-19 chest 

CT image classifier. Clinical studies have shown that most Covid-19 patients suffer 

from lung infection and that chest CT is known to be an effective imaging technique 

for lung related disease diagnosis. Deep learning, one of the most successful AI 

techniques, is an effective means to assist radiologists to analyse the vast amount of 

chest CT images, which can be critical for efficient and reliable Covid-19 screening. 

We developed in this project a robust, fast, and reliable classifier for chest CT image 

diagnosis to distinguish Covid-19 images from common pneumonia and healthy chest 

CT scans. The experimental results achieved an accuracy of 91.25% for slice level and 

92.88% for patient level. 

Material and Method: We use the chest CT images dataset containing 416 Covid-19 

patients, 412 common pneumonia patients, and 270 healthy patients, train through the 

neural network, extract and combine meaningful features to build the automatic Covid-

19 chest CT image classifier, which can determine the physical condition of the patients. 

Besides, we are going to build the user interface for users to get the diagnostic result of 

the chest CT image. 

Results: Our experimental results show that our model can reliably detect 86.67% 

common pneumonia patients, 94.59% Covid-19 patients, and 97.37% healthy patients. 

We have set a website based on html, css, php, which can visualize our project and 

provide a tool for the user to diagnose online. 
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Chapter 1. INTRODUCTION 

1.1 Overview 

Since December 2019, with the rapid spread of coronavirus disease (Covid-19), people 

suffered from tremendous financial hardship and human loss on a scale never seen in 

human history. Covid-19 was declared as a Public Health Emergency of International 

Concern on 03/01/2020 and declared as a worldwide pandemic on 11/03/2020 [1]. Till 

May.30th, this pandemic caused 169,597,415 million confirmed cases and 3,530,582 

million death.  Currently, without an effective and fast way of combating this disease, 

humans continue to live in fear and financial distress.  

Our project wants to provide an effective, reliable, and robust classifier together with 

an online diagnostic to diagnose Covid-19 with common pneumonia and healthy cases. 

People can use this classifier to analyse their chest CT image, and we may use this to 

speed up the diagnosis of Covid-19. 

Our development process can be divided into four parts. First, clean and pre-process 

the data, as we have a total of 12G data, to concentrate on the useful information, we 

need to do the pre-processing of these images. Second, we set up a convolution neural 

network and use the feature pyramid network, which can concentrate on the last three 

layers features and combine them together. Third, to get the accuracy and visualise the 

feature, we need to test our model and use advanced machine learning method visualize 

the feature map with heat map. Last, to present our project and build a platform for 

online diagnostic, we set up a website implementing these functions. 

With the support of UM team [2] and open-source, we get the dataset of common 

pneumonia, Covid-19 cases, and healthy cases. For the software aspect, we use PyTorch 

to build and test the model. For the hardware aspect, we have the RTX 3080 

GIGABYTE as our hardware foundation.   

The structure of this article can be concluded as the following image. Fig.1 shows the 

design of the report. Why we choose this topic, what we are going to do, and what work 

has been done by other people will be included in the first chapter. Then, chapters 3 to 

6 are talking about the contributions, basic ideas of the platform, our solution, our 

thoughts, and some challenges we met. The last part is chapter 7 to chapter 9. It contains 

the quality of the system now, what we are going to do in the future, and where we still 

need to improve.  
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Figure 1 Chapter Diagram 

 

1.2 Covid-19 and Detection method 

The Corona Virus Disease 2019, usually called COVID-19, which is a new type of 

coronary pneumonia disease named from the World Health Organization [3]. This 

disease is serious pandemic at present (by May 2021). The COVID-19 was successively 

discovered in the South China Seafood Market, Wuhan, Hubei Province in December 

2019.  

The COVID-19 usually makes patients have fever, fatigue, dry cough, etc. Some 

patients may be affected by runny nose, diarrhoea, nasal congestion, and other 

respiratory symptoms. Some severe cases may encounter difficult breathing, acute 

respiratory distress syndrome, septic shock, even the multiple organ failure. In general, 

mild patients only shows the mild fatigue, low fever. By comparison, the sever patients 

may have serious issues of multiple organ failure, etc. Thus, it is useful to classify this 

disease quickly from other conventional respiratory diseases or common pneumonia. 

Besides this, the COVID-19 have much worse effect for the old patients, especially 

these old patients have other chronic diseases, which have higher death rate compared 

to middle-aged person and children.  

The COVID-19 shows a considerable impact through the world. The WTO Director-

General Azevedo once said that this epidemic will have a major impact on the global 

economy on March 25, 2020. It should be noticed that the economic recession and mass 

unemployment would be occurred in our world, which would be more serious that 

another financial crisis twelve years ago. Many countries’ economy shows a huge 

decline due to this new round of pneumonia. In addition, the COVID-19 also cause a 

heavy blow to the sports industry, and unemployment rate, due to the restrictive 
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measures for limiting COVID-19 spread. The Director-General of the WTO hope that 

all countries should keep trade open and fight against with COVID-19.  

Based on the real-time statistics of the COVID-19 epidemic data, the cumulative 

number of confirmed cases is more than 100 million on January 26, 2021. Besides this, 

the WHO also estimates that the COVID-19 would cause the loss more than 10 trillion 

US dollars in the end of 2021.  

Generally speaking, the coronavirus SARS-CoV-2 is the causative agent among 

COVID-19. The diagnostic approaches can be mainly divided into four methods, i.e., 

nucleic acid test, antibody test, virus culture, and antigen test, respectively. 

The process of Virus culture can be concluded as follows. First, it needs to be tested at 

the BSL-3 biosafety level. Operate in a room, culture in a 37 ℃ incubator, and observe 

the cytopathic effect every day. If there is an apparent cytopathic effect, the virus culture 

medium can be confirmed by virus nucleic acid detection.  

A nucleic acid test is to detect whether the subject has viral gene fragments in the body. 

A positive test indicates that the subject has a virus gene in his body and maybe infected 

or before and after the onset of illness. This detection method is highly sensitive and 

can be detected as long as there is a small amount of virus in the body.  

While antigen test uses "synthetic antibodies" to detect whether there are virus antigens 

in the body, a positive test indicates an infection, but its sensitivity is lower than that of 

a viral nucleic acid test, and there is a risk that a small amount of the virus will not be 

detected. The increased sensitivity and specificity of rapid antigen screening products 

are beneficial to the country's overall epidemic prevention measures and can accelerate 

the diversion of patients and alleviate the inspection load caused by the expansion of 

the inspection scope. The above three methods require respiratory specimens, such as 

throat swabs, nasopharyngeal swabs, and sputum, and can be tested when in doubt.  

Antibody test uses protein recombination technology to produce viral antigens and use 

"synthetic antigens" to detect whether there are antibodies against the virus in the 

subject's blood. Antibodies do not appear until about 5 to 7 days after infection. 

Antibody detection methods include immunochromatographic assay (ICT), enzyme 

immunoassay (EIA), and western blot (WB), with accuracy from low to high. Each 

process may produce different results due to foreign synthetic antigens; however, WB 

is basically a confirmation test, which is relatively accurate. 

1.3 Computer Tomography 

Computed Tomography (CT) [4] is a diagnostic imaging examination. This technique 

was once called Computed Axial Tomography. This technique can use X-ray via 

different angles to produce a cross-sectional image of targeted object. Thus, it can make 

user to discover the inside region of the targeted object without cutting. And the Nobel 

Prize in Physiology or Medicine was awarded to Allan Cormack and Godfrey Hausfell 

for the development of CT technology in 1979.  

The CT approach can produce the 3D radiographic image within image reconstruction 

and processing algorithms. This technology can irradiate the human body through 

rotating X-ray based on the single axis. As different tissues contain different X-ray 
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absorption capabilities. Therefore, the CT image can be obtained by computerized 

reconstructed technology. The tomograph image can be generated within the window 

processing technology. And all tomographic images can be stacked together to produce 

the 3D image. 

CT scan image is a large-volume image with a size of about 512×512×1000 grey voxels, 

which is used to describe other anatomical structures of the heart, lungs, and chest. 

Because the chest CT scan is a three-dimensional image, it will be distinguished and 

observed on three different anatomical planes. The three anatomical planes are the 

coronal plane, the transverse plane, and the sagittal plane. The chest CT scan image is 

used for the diagnosis and treat a variety of diseases, including cancer, infections, and 

fractures. 

CT scans are based on X-rays. However, CT is different from "projection X-ray" 

because CT is 3D and projected. X-ray is 2D. The X-ray source of the CT scanner sends 

the X-ray beam through the patient's body to the detector. When the patient passes 

through the central hole, the entire radiation source/detector device rotates around the 

patient, so the radiation density of the patient's body can be measured at multiple points 

in the three-dimensional space. Finally, the CT scan image uses Hounsfield units to 

encode the radiodensity of millions of issues in the patient's body, where the air is 

shown in black, and the bones are shown in white. Medium-density tissue is grey. 

1.4 Machine Learning 

When people first conceive the programmable computer, people begin to think about 

how to make the computer more intelligible, how to make the computer think like a 

human. Now, machine learning is a popular word, and more and more people begin to 

use machine learning for different kinds of things. Like they may use machine learning 

for advertisement recommendation, user portrait, face recognition, or even autopilot. 

We hope machine learning can make computers automatically deal with the regular 

labor and understanding the record or image so that it can help with our medical 

diagnosis and scientific research [5]. 

The first industrial evolution makes us step into the steampunk era. At the same time, 

people start to using electricity when the second industrial revolution comes. Nowadays, 

what we communicate through is the Internet, which is the product of the third industrial 

revolution. We are now going to transform from the third industrial revolution to the 

fourth industrial revolution, where the Internet of Thing the tendency of this 

transformation. What machine learning can do is accelerate the speed of this evolution, 

make our information used more effectively and more intelligible. 

The beginning of machine learning can back to 1949, Hebb studied the learning 

mechanism based on neuropsychology. It is unsupervised learning which can extract 

the feature of the data we want to analyze. Based on the similarity, it separates the input 

data into different classes. As the nature of people's sense of sight is recognition and 

classification, this process is very same as a person's. Then around 1950, people start 

to study the Bayes classifier, the conditional probability that can get the probability of 

one thing to happen based on the condition of another thing that happened. With the 

Bayesian classifier, researchers develop K-means, Support Vector Machine (SVM), 

AdaBoost, K-Nearest Neighbour (KNN), etc.  
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K-means [6] is an algorithm for clustering analysis of iterative solutions. The steps 

include pre-dividing the data into K groups, randomly selecting K objects as the initial 

cluster centers, and then calculating the distance between each object and each initial 

cluster center. Distance, assign the nearest cluster center to each object. The cluster 

centers and the objects assigned to them represent a cluster. In another words, k-means 

use the distance of the mean value of the class as the criteria. Then update the network 

to make the distance become smallest. 

Support Vector Machine [7] is a learning model to be monitored and a related learning 

algorithm that analyzes data in classification and regression analysis. Each learning 

instance is marked with the specified set of learning instances as belonging to one of 

two categories. The SVM training algorithm creates a learning model that assigns a new 

example to one of two categories and makes it a non-stochastic meta-linear classifier. 

Because the SVM model represents instances as points in space, the mapping separates 

instances in individual categories from each other with the widest possible visible 

spacing. Then assign new instances to the same room and base on which side of the 

interval they are on to predict the categories to which they belong. 

Adaboost [8] is an iterative algorithm. The basic idea is to train different classifiers 

(weak classifiers) in the same training set and combine these weak classifiers to form a 

more robust final classifier (robust classifier). The Adaboost algorithm itself is 

implemented by changing the distribution of the data. The weights of each sample are 

determined based on the accuracy of the classification of each sample in each training 

set and the accuracy of the previous overall classification. The new dataset with the 

changed weights is sent to the subclassifier for training, and the final classifier obtained 

each time is merged as the final decision classifier. 

The nearest neighbor algorithm [9] is the main method of classification and regression. 

The KNN algorithm's central idea is that if most of the next K samples in the sample's 

characteristic space belong to a particular category, that sample also belongs to that 

category and has the properties of the samples in this category. To finally determine the 

classification result, this method simply determines the category of the sample to be 

classified based on the diversity of the next or higher instance. 

1.5 Machine Learning for Medical Image Analysis 

Now people pay more attention to medical image analysis, as it is indispensable for 

medical research. For the need for medical research and regular treatment, the 

researcher is now making their progress of technology and computer science 

technology in this area. Nowadays, CNN [10] has made a great contribution to the 

research of medical images. With the help of a convolutional neural network, the 

machine is capable of specializing the hidden disease area features automatically from 

big data of the medical image. 

In the area of studying medical imaging, in order to make the correct decision of the 

diagnosis, they often want to know some detailed information about the patient’s tissue 

and organ. In this way, doctors and researchers can make smoother progress in 

performing quantitative analysis, treatment planning, and real-time take care of their 

patients. Due to this reason, biomedical imaging is now and increasingly become an 

indispensable part of the process of disease diagnosis and treatment. 
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Medical imaging technologies such as Magnetic Resonance Image (MRI), Positron 

Emission Tomography (PET), Computer Tomography (CT), cone-beam CT, 3D 

ultrasound imaging, etc., have been widely used in medical practice. For clinical 

examination in the field of medical image analysis, e.g., diagnosis, treatment, and 

decision-making, however, the way to make full use of artificial intelligence deep 

learning methods to analyze and process these ultra-large-scale medical images and 

provide scientific methods for the screening, diagnosis, and efficacy evaluation of 

various significant diseases in clinical medicine are notable scientific research hot spots 

that urgently needs inspiration. 

Methods like edge detection, texture features, morphological filtering, shape models, 

and template matching were currently considered the most used techniques in medical 

image analysis. These analysis methods are also called manual custom design methods, 

which are usually accordingly designed for specific tasks only. On the other hand, deep 

learning is a state-of-the-art data-driven analysis method, which can automatically learn 

data characteristics and extract data features from a large-scale problem-specified data 

set. Unlike manually designing models for particular issues, deep learning methods can 

implicitly and automatically and directly extract medical image features from clinical 

data samples. The learning process of the model is macro cosmically an optimization 

of the problem-solving process. Through learning, the model selects the correct 

components from the training data by assigning greater weights to make proper 

decisions when testing new data. Therefore, deep learning can play a crucial role in 

efficient large-scale medical image analysis. 

In recent years, deep learning has continuously made significant progress, which mainly 

benefited from the microelectronic manufacturing advancement leaded increment in 

computing power, the continuously growing amount of available data, and the constant 

improvement of deep learning model. 
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Chapter 2. Literature Survey 

2.1 Convolutional Neural Network 

Convolutional Neural Network (CNN) is a kind of feedforward neural network that 

contains convolutional computing together with the deep structure. As CNN has the 

capacity of representation learning, the input information can be classified invariantly 

according to its hierarchical structure. Therefore, CNN is also called shift-invariant 

classification [11]. 

Japanese scholar Kunihiko Fukushima should be the first person to do the research on 

convolutional neural networks. He designed a neural network with a deep structure, 

which is considered one of the earliest deep learning algorithms [12].  Simple layer and 

complex layer make up for the hidden layer alternately that they will follow each other’s 

layer. Simple-layer (S-layer) will extract information to the receptive field. At the same 

time, the complex-layer (C-layer) unit uses different receptive fields to get and reply to 

the same feature map. Neocognitron uses a simple-complex combination neural 

network to realize the function that the convolution layer and pooling layer can achieve 

in neural networks. It can extract the feature and filter the noise, get the critical part. S-

C layer is considered pioneering research that inspires other researchers’ convolutional 

neural network study. 

The first convolutional neural network was the Time Delay Neural Network (TDNN) 

proposed by Alexander Waibel et al. in 1987 [13]. TDNN is a convolutional neural 

network applied to speech recognition problems. It uses FFT preprocessed speech 

signals as input. Its hidden layer consists of two one-dimensional convolution kernels 

to extract translation-invariant features in the frequency domain. Because before the 

emergence of TDNN, the field of artificial intelligence has made breakthroughs in the 

research of Back-Propagation (BP), so TDNN can use the BP framework for learning. 

In the original author’s comparative experiment, the performance of TDNN surpassed 

the Hidden Markov Model (HMM) under the same conditions, which was the 

mainstream speech recognition algorithm in the 1980s [14]. 

The work of LeCun (1989) [15] was developed by AT&T Bell Laboratories in 1993 

and deployed in the check reading system of NCR (National Cash Register 

Corporation). But in general, due to limited numerical computing capabilities, 

insufficient learning samples, and the rise of kernel learning methods represented by 

Support Vector Machines (SVM) in the same period, this period is a period of various 

types of images. The convolutional neural network designed to deal with the problem 

stays in the research stage, and the application end is less popular [16]. 

On the basis of LeNet, in 1998, Yann LeCun and his collaborators constructed a 

complete convolutional neural network LeNet-5 and achieved success in recognition of 

handwritten digits [17]. LeNet-5 follows the learning strategy of LeCun and adds a 

pooling layer to the original design to filter the input features. LeNet-5 and its 

subsequent variants define the basic structure of modern convolutional neural networks, 

and the alternate convolutional layer-pooling layer in its construction is considered to 

be able to extract the translation-invariant features of the input image. The success of 

LeNet-5 has attracted attention to the application of convolutional neural networks. In 

2003, Microsoft developed an optical character recognition (OCR) system using 
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convolutional neural networks. Other application research based on convolutional 

neural networks has also been expanded, including portrait recognition [18], gesture 

recognition [19], etc. 

2.3 Residual Network 

From experience, the depth of the network is critical to the performance of the model. 

When the number of network layers is increased, the network can extract more complex 

feature patterns, so theoretically, better results can be achieved when the model is 

deeper. But experiment It is found that the deep network has a degradation problem: 

when the network depth increases, the network accuracy becomes saturated or even 

decreases. 

The residual network is a convolutional neural network proposed by four scholars from 

Microsoft Research. The characteristic of the residual network is that it is easy to 

optimize and can increase the accuracy by adding considerable depth. The internal 

residual block uses jump connections to alleviate the problem of gradient disappearance 

caused by increasing depth in the deep neural network [20]. 

The residual network can be regarded as an ensemble model assembled by a series of 

path sets, where different paths contain different network-layer subsets. Andreas Veit 

et al. carried out several sets of experiments, Lesion study [21]. In the test, part of the 

network layer of the residual network was deleted. That is, part of the path or the order 

of switching some network modules changed the structure of the network and discarded 

part of the path. At the same time, introduce new paths. The experimental results show 

that the performance of the network is smoothly related to the number of correct 

network paths. When the direction changes, the network performance does not change 

drastically. This indicates that the path after the residual network is expanded to a 

certain degree of independence and redundancy, making the residual network 

performance like an ensemble. 

The author also shows through experiments that the relatively short paths in the residual 

network that mainly contribute to the gradient in training are those relatively short paths. 

In this sense, the residual network does not suppress the gradient dispersion by retaining 

the gradient flow on the entire network depth problem.  

2.5 Neural Network for Covid-19 Detection 

There are two common methods available to diagnose Covid-19. One is virus detection 

through nasopharyngeal swabs to detect the presence of RNA fragments. Then the The 

samples are then detected by the real-time reverse transcription polymerase chain 

reaction (rRT-PCR) method [22]. The diagnosis result of rRT-PCR usually will be 

available within a few hours to two days. Another method is through the recognition of 

the image. Chest computed tomography (CCT) is one of the imaging devices that can 

provide the radiologist a way to have the inner look of the patients’ lung and make 

diagnosis. The main biomarker that distinguishes COVID-19 from healthy people in 

CCT is asymmetric peripheral ground glass shadow (GGO) without pleural effusion. 

The advantage of this method is that they can help with the professions to speed up 

diagnosis by screening, especially when RT-PCR is insufficient [23]. 
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Traditional artificial intelligence (AI) and modern deep learning methods have achieved 

excellent results in analysing medical images. Lu [24] proposed a completely unique 

extreme learning machine trained by the bat algorithm approach. Li and Liu [25] used 

a real-coded biogeography-based optimization for pathological brain detection. Jiang 

[26] used leaky rectified linear measure do the fingerspelling recognition by a six-layer 

convolutional neural network. Guo and Du [27] suggested the usage of ResNet-18 for 

thyroid ultrasound classification. Fulton, [28] employed ResNet-50 for classification of 

Alzheimer’s disease. Cohen, et al. [29] used an outsized non-Covid-19 chest X-ray set 

to construct features for Covid-19 images. They used geographic extent score and lung 

opacity score to measure severity of Covid-19 infection. Loey, et al. [30] used 

generative adversarial network (GAN) to get more images, found that the mixture of 

GoogleNet with GAN works better for two-class classification. Ko, et al. [31] proposed 

an easy 2-dimensional deep neural learning framework for signal chest CT image, they 

compared four pretrained models: VGG-16, ResNet-50, Inception-V3, and Xception, 

ResNet-50 showed the robust performance. 

2.6 Feature Pyramid Network 

Recognizing objects of different sizes is a fundamental challenge in target detection, 

and the feature pyramid has always been an essential part of multi-scale target detection. 

However, due to a large amount of calculation of the feature pyramid, it will slow down 

the entire detection speed, so most methods In order to detect speed avoid the use of 

feature pyramids as much as possible, but only use high-level features for prediction. 

Although the high-level features contain rich semantic information, it is difficult to 

accurately store the position information of the object due to the low resolution. On the 

contrary, although low-level features have less semantic data, they can accurately 

contain object position information due to their high resolution. Therefore, if the low-

level features and the high-level features can be combined, a target detection system 

with accurate recognition and positioning can be obtained. 

Lin [32] exploited the inherent multi-scale, pyramidal hierarchy of deep convolutional 

networks to construct feature pyramids with marginal extra cost. A top-down 

architecture with lateral connections is developed for building high-level semantic 

feature maps at all scales, Feature Pyramid Network (FPN). FPN showed significant 

improvement as a generic feature extractor in several applications. Lai [33] proposed 

the Laplacian Pyramid Super-Resolution Network to reconstruct the sub-band residuals 

of high-resolution images progressively, generating multi-scale predictions in one feed-

forward pass through the progressive reconstruction, facilitated resource-aware 

applications. 

2.7 Heatmap Representation 

Many researchers have done research on interpretable problems of the CNN model, 

CNN visualization. There are two more classic methods, Deconvolution, and Guided 

backpropagation. Through them, we can "see" what the deeper convolutional layers in 

the CNN model have learned to a certain extent. Some characteristics. The image 

obtained by using ordinary backpropagation is noisy, and it is hard to see what the 

model has learned. Using Deconvolution can roughly see the outline of the detected 

object, but there is a lot of noise in the position other than the object. The guided 

backpropagation is no noise, and the features are clearly concentrated on the detection 

object. Although we "see" the mysterious inside of the CNN model with the help of 
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Deconvolution and guided backpropagation, we cannot explain the results of 

classification because they are not sensitive to categories and directly display all the 

features that can be extracted. 

Selvaraju [34] used Gradient-weighted Class Activation Mapping (Grad-CAM), the 

gradients of any target concept, flowing into the final convolutional layer to produce a 

coarse localization map highlighting the critical regions in the image for prediction, 

which is an intuitive way to show the feature for determination. 
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Chapter 3. Project Execution Schedule 

3.1 Schedule 

 

Figure 2  workflow 

The above is our full execution schedule. Our project is started in July. After reading a 

great number of papers about Chest image classification, we decided to use the Chest 

CT image with the reason of higher precision. To capture the serviceable information 

of the lung parenchyma, we clear the image with too many noises and use a specific 

image pre-processing method to extract the practical information. For the neural 

network, we use modified ResNet-50 together with a feature pyramid network, which 

has faster learning speed and robust learning effect. Considering the nature of vision 

and neural networks, we choose the Grad-CAM algorithm to realize the feature heat 

map visualization. After the completion of the core of our project, we start to work on 

the website design. Through several times trials and configurations, the website with 

the online diagnostic function is built successfully. 

3.2 Contributions 

The division of labor can be divided into two parts, the neural network part, and the 

website setup part. I mainly responsible for the neural network part, while Tony is 

responsible for the pre-processing image part and my partner. Besides, Tony is mainly 

responsible for the website part. 
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Chapter 4. Functional Specification 

As we are building an automaton for the Chest CT image classification, the 

requirements specification of our program can be described as the different part of our 

website. 

4.1 Main Page of the Website 

 

Figure 3 Website Main Page 

The above is the main page of our website. On the left side, there has a vertical menu 

bar, including the path to home, introduction, example image, online testing section, 

and our reference.  The home page is shown as above, a main entry for the sub-function. 

The introduction page will introduce the detailed procedure of our project. Example 

image will show CT image in different health condition, common pneumonia, Covid-

19 or health. And the online test part will provide the user the tool to diagnosis their CT 

image. 

In the middle of the page, as you can see, there have three buttons with different colors. 

Where orange button is the path to the introduction of our project, and the purple button 

is for visualize the images used in our project, and the green button is used for online 

testing. Through this web interface, we can provide the user a more interactive 

experience. 
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4.2 Present the Project 

 

 

Figure 4 Web UI Introduction 

Achievement display is the first part of our website. Make the whole process transparent 

is our initial guess. In this part, we will show the method we trained the automaton, the 

data we used for the neural network, the work we have done to make the machine have 

better robustness, and detailed information about the neural network. As the above 

image shows, the first part is the visualization of our neural network, how the image 

will be trained through the neural network. 

While the second part is the database setting of our project, the exact number of 

different kinds of patients, how many patients we used to train for every class, how 

many images we are set for the training part, testing part, and validation part. 
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4.3 Example Image 

 

Figure 5 Example Image Section 

In this part, we are going to show the example image of our dataset. The left side is the 

CT image of a common pneumonia case, the middle one is the CT image of Covid-19 

Case, while the right side is the image of a health case. As you can see, these images 

still contain much noise, and they are just the original image without the pre-processing 

procedure. For the image pre-processing, the later part will discuss that. 
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4.2 Online Diagnosis 

 

Figure 6 Online Diagnosis Section 

As our network has trained a stable network with good performance on chest CT image 

classification, we want to provide users with this service and get comprehensive 

information, not only the test result. Users can get the diagnosis report through our 

website by uploading the image they want to test. The content of the statement includes 

the diagnosis result and corresponding feature heatmap.  

First, on the above of this interface, you can download the dataset we used for training. 

For the convenience of the user, the dataset are stored in google drive, contains the 

original image and the pre-processed image.  

Then, the section under the first section is the place you can upload the image you want 

to test. By clicking the “select files”, you can choose the image you want to test. Then 

click the “Upload” button, then the website will pop up the message shows that you 

have successfully update the image.  

 

Figure 7 Upload the Image 



Automatic Covid-19 Chest CT Image Classification 

23 of 40  14 June 2021 

With the image you want to test uploaded, user now can test their image through 

clicking the “start” part. Then you will see the interface as the follow figure. It will 

show you the result of the testing image, and generate the result table with the image 

name, predict type and the feature heatmap through our neural network. 

 

Figure 8 Image Test Section 

Besides, user can get the word version report by clicking the “Report” button. Then the 

website will download the report to user’s device automatically. The report contains the 

number of the image, image name, image picture, image type and the heatmap with the 

input image. 

 

Figure 9 Image Test Report 
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Chapter 5. Software Design Specification 

5.1 Dataset 

Due to the chest CT image containing the cross-section of the lung from bottom to top, 

we need to clear the image with no lung parenchyma. Besides, some of the patients’ CT 

images have no reference value, and we removed those images from our dataset. After  

cleaning the data, our dataset contains 412 common pneumonia patients with 20295 

images, 416 Covid-19 patients with 18490 images, 270 healthy patients with 11156 

images.  

We segment the data into three parts, training data, testing data, and validation data, 

according to the patient ratio of 8:1:1.  As different patients have different numbers of 

CT images, we use the patient level to represent the number of patients, which contains 

all CT images we used for one patient. The scan level, in other words, one CT image 

per unit.  

We use the training set and validation set to train and building the AI system, use the 

testing set for the scan level evaluations. 

 

Figure 10 Dataset 

5.2 Image pre-processing 

There has only a slight difference between Covid-19 chest CT image and common 

pneumonia. As the origin chest CT image contains too much noise, that will influence 

the accuracy of detection. Therefore, image pre-processing is critical for our project. 

Fig.9 shows the process we deal with the image, shows that we can extract only the 

useful information from the chest CT image. 
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Figure 11 Image Pre-Processing Procedure 

First, we need to do polarization. This step is to get the rough shape of the 

target part. The parameter of separate we can get through from the histogram of 

image (Figure 4). We select the equalization point for all the images. Second, 

find the maximum connectivity. This step is to get the target shape of the image 

and remove some useless parts. 

Third, we execute erosion. This step is to fill out some small line or noisy point 

of the image. 

Four, find the maximum connectivity again. This step is to get the final shape of 

the image. 

Five, fill in the shape. This step is to get the final mask of the image. Finally, 

superimposing mask to image, and then get the final result. 

 

Figure 12 Histogram of Input Image 

 

5.2 Neural Network 

As mentioned before, we combined the residual network with the feature pyramid, at 

the following part, we will have a detailed discussion about that. From the overview of 

the neural network to the specific part of each layers of the network. 
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5.2.1 Neural Network Overview 

 

Figure 13 Neural Network Overview 
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This figure shows our structure of the neural network. The original input image size is  

256*256. First, it is the convolutional layer, with the kernel size is 7, batch normalizes, 

then a max pool with kernel size 2, the size of the input image now is 128*128. Then it 

comes to the first residual block, with the kernel size is three and out channel is 64, the 

size of the input image change to 64*64 with 64 channels. Next is another residual 

block, with the kernel size three and out channel 128, the size of the image now becomes 

to be 32*32 with 128 channels. Then, it’s the third residual block, with the kernel size 

3, and out channel 256, the image size becomes 16*16 with 256 channels. The last 

residual block’s size is kernel three and channel 512. The image size becomes to be 8*8 

with 512 channels. 

After these convolutional layers, we want to aggregate the feature of the last three 

outputs we get from the residual block. That’s means we want to combine the feature 

map of the production of the second residual block, the production of the third residual 

block, and the output of the last residual block. Use the aggregated feature map for the 

classification. Get the predicted class of that input image. 

5.3 Workflow about Training through the Neural Network 

As Tony will introduce the way of pre-processing the image, I am here to talk about 

our neural network. Our neural net combines the modified version of ResNet-18 with 

the feature pyramid networks, which can be shown below.  

By four layers’ convolutions and max pooling, we can filter out the ineffective features 

and concentrate on the practical features. The different layer contains the different 

resolution of the feature map. The traditional neural network will only use the last layer 

of the feature map for classification while aggregating the last three layers’ output into 

the final classification layer. Which has better performance than traditional networks. 

 

 

Figure 14 Modified ResNet-18 with FPN 
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For the pre-trained part, the flow chart shows below. First, we use DataLoader to load 

the dataset with the label, then we use the image processing method to do the data pre-

processing for better performance. As we separate the dataset into three parts training, 

testing data and validation data, we use the training data to train the model and get the 

trained model test and validate our result.  

 

Figure 15 Flowchart for the model training 

5.4 Interface Description 

For the function of our system, there are three parts. The first part is the visualization 

of our progress. In this part, we will show our data, how we deal with our data, and how 

we clean our data. Besides, the user can have an overview of our neural network. They 

can know which convolutional network we are using. They can also get information on 

how we aggregate our feature maps. 

The second part shows the example image of the different datasets, common pneumonia, 

Coiv-19, and health.  Therefore, the user can have a piece of basic information about 

the chest CT image. 

The third part, it’s an interactive part. We will ask the user to upload the image they 

want to be classified. After uploading, our system will automatically process it and run 

it through our network. The classifier will not only return the diagnosis report of the 

image but also shows the feature heat map of the image. Therefore, the user can know 

which part made the model make the prediction. What’s more, they can also have a 

look at the processing of the model. It can return images after every convolution layer, 

which will make the image classification more vivid and straightforward. 

Below is the use case diagram that concludes our function. 
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Figure 16 Interface Use Case Diagram 

5.5 User Interface Design 

As mentioned before, we have set up the website for the convenience of the users. The 

main design idea of the user interface is abstract and straightforward. In this way, users 

can get what they want and implement the method they want to achieve. 

To simplify the function and make the user interface more user-friendly, on the main 

page, you will see the main three functions of our website and choose the one you want 

by clicking it. Then it will lead you to the destined page, and there has much instruction 

about how to use our website, which is very friendly and easy for everyone to use. 
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Chapter 6. Implementation Narrative and Description 

6.1 Programming Language 

In this project, for model construction, training, testing, and running, we choose python 

as our programming language. The reason is that python has a more flexible library 

PyTorch that can call the function about the neural network. When dealing with the 

user interface, we choose the html for the front-end design, php and JavaScript as the 

back-end design.  

6.2 Neural Network 

6.2.1 Input Layer 

To handle multi-dimensional data, we use the input layer of a convolutional neural 

network. Commonly, we will use one-dimensional convolutional neural network to 

handle the time or spectrum samples. Besides, the input layer can handle the two-

dimensional arrays also. For the two-dimensional input layer, it can handle two-

dimensional or three-dimensional array. Whereas the four-dimensional array can be 

handled by three-dimensional convolutional layer. Due to reason that, people widely 

use the neural network in the field of computer vision, that receive and make judgment 

of the reality. Many research preference to use the three-dimensional input data when 

introducing its structure, that is, two-dimensional pixels and RGB channels on the plane. 

Similar to other neural network algorithms, because the gradient descent algorithm is 

used for learning, the input features of the convolutional neural network need to be 

standardized. And in our project, we use the three-dimensional dataset. 

6.2.2 Convolutional Layer 

The primary purpose of the convolutional layer is to extract features from the input 

image. It contains multiple convolution kernels of different sizes. Each kernel has a 

different weight coefficient and bias vector. The machine will automatically update the 

configuration of the weight and bias based on the last performance of the learning 

process. The if this weight has a negative effect on the result, then the coefficient will 

become smaller next time. In other words, the convolution layer is a kind of reward-

punishment mechanism. It is using the higher value of the weight to extract the 

important information and the smaller value to filter the unnecessary information. The 

kernel's size varies depending on the scale of the image and different kinds of input 

data. As the kernel will use one value to replace the original area, the kernel will 

determine how large the range is affected by one point. In the machine learning world, 

it more likely the size you want to focus on. And the following formula is the regular 

representation of the convolutional layer. 

𝑍𝑙+1(𝑖, 𝑗) = [𝑍𝑙 ⊗ 𝑤𝑙+1](𝑖, 𝑗) + 𝑏 =  ∑ ∑ ∑ [𝑍𝑘
𝑙 (𝑠0𝑖 + 𝑥, 𝑠0𝑗 + 𝑦)𝑤𝑘

𝑙+1]
𝑓
𝑦=1

𝑓
𝑥=1

𝐾
𝑘=1  (1) 

Where b is the deviation, 𝑧𝑙 , 𝑧𝑙+1 represent the input and output of the convolutional 

layer, also known as the feature map. 𝑧(𝑖, 𝑗) is the corresponding pixel of feature map. 

𝐾 is the channel of the feature map. 𝑓, 𝑠0 , 𝑝 is the size of the kernel, stride and the 

padding size. 
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Figure 17 Convolutional Layer Example 

6.2.3 Activation Layer 

We use the Rectified Linear Unit (ReLU) for the activation layer. Compared with 

traditional neural network activation functions, such as logistic sigmoid and tanh 

hyperbolic functions, ReLU has the following advantages. More efficient gradient 

descent and backpropagation, avoid gradient explosion and the problem of gradient 

disappearance. Besides, it simplifies the calculation process. There is no influence of 

other complex activation functions, such as exponential functions. At the same time, 

the dispersion of the activity makes the overall calculation cost of the neural network 

drop. 

𝑓(𝑥) = max(0, 𝑤𝑇𝑥 + 𝑏)            (2) 

With the above function, we can improve the learning speed by eliminating the negative 

value after the convolutional layer. In another way, this layer helps to simplify the 

argument of the neural network and have a better effect overall. 

6.2.4 Pool Layer 

Following the feature extraction from the convolutional layer, the output feature map 

will be passed to the pooling layer for feature selection and information filtering. The  

pooling layer will extract the most significant feature of its neighboring region and 

ignore the insignificant feature. By this way, it will reduce the parameters transfer to 

the next layer, make the training more effective. The pooling layer is controlled by the 

pooling size, step size, and padding. Formula.3 is the way to get the output feature map 

result of the pooling layer. 

𝐴𝑘
𝑙 (𝑖, 𝑗) = [∑ ∑ 𝐴𝑘

𝑙 (𝑠0𝑖 + 𝑥, 𝑠0𝑗 + 𝑦)2𝑓
𝑦=1

𝑓
𝑥=1 ]

1

2   (3) 

The above is the L2 pooling function, 𝑠0 is the step size, and (𝑖, 𝑗) is the same idea with 

the convolutional layer.  
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6.2.5 Fully-connected Layer 

The fully connected layer can be considered as the "classification." If we consider the 

pooling layer, convolutional layer and activation layers as the reflection of the original 

data to the hidden layer, then the fully connected layer can be regarded as the function 

of transforming the feature to the desired class. In reality, the fully connected layer can 

be replaced by the convolution with the kernel size is one. 

The essence is to transform from one feature space to another feature space linearly. As 

a result, the feature map will lose the spatial topology in the fully connected layer and 

is expanded into a vector, and passes through the activation function. 

According to the representative learning perspective, the convolutional layer and 

pooling layer within the convolutional neural network can extract features from the 

input file. The function of the fully connected layer is to mix the extracted features to 

get the output non-linearly. The fully connected layer isn't expected to possess feature 

extraction capabilities but is trying to use the prevailing high-level features to finish the 

training goal. 

6.3 ResNet-18 

As I am responsible for the neural network construction, I am going to show more 

details about that. 

Our network combines the modified ResNet-18 model with the feature pyramid 

networks. ResNet-50 is a kind of convolution neural network (CNN), working through 

extraction of the local features, normalization of the local features and downs-sampling 

of the local features. Through the Eq. (1), we can get the output feature map, where 

𝑋𝑖
𝑙−1 shows the local features obtained from the previous layers, 𝑘𝑖𝑗

𝑙  and 𝑏𝑗
𝑙  denote the 

adjustable kernels and training bias, 𝑀𝑗  and 𝑓() denotes the input map selection and 

activation function. 

𝑋𝐽
𝐿 = 𝑓(∑ 𝑋𝑖

𝑙−1 ∗ 𝑘𝑖𝑗
𝑙 + 𝑏𝑗

𝑙
𝑖∈𝑀𝑗

)  (4) 

And the pooling layer is to prevent the overfitting of the model by decreasing the 

computational nodes.  

While the characteristic of the ResNet-18 is residual learning framework [18], which is 

easier to optimize, and can gain accuracy from considerably increased depth.  
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Figure 18 Residual learning block 

Formally, denoting the desired underlaying mapping as ℋ(𝑥), and letting the stacked 

nonlinear layers fit another mapping of ℱ (𝑥) ≔  ℋ(𝑥) − 𝑥. The original mapping is 

recast into ℱ(𝑥) + 𝑥. By the shortcut connection, compared with learning the function 

as a new one, the model should be easier to find the perturbations with reference to 

identity mapping. 

6.4 Feature Pyramid Network 

Besides, we import the feature pyramid network [15], due to the top-down architecture 

with lateral connections it can construct high-level semantic feature maps at all scales. 

When combining a different layer into one layer, there comes to the problem about the 

kernal size. And we use the Eq. (3) to resize the kernal. 

𝑘 =  ⌊𝑘0 + log2(√𝑤ℎ/256)⌋   (5) 

Where the 256 is the origianl image size, and 𝑘0 is the target level we are going to map. 

 

Figure 19 Feature Pyramid Network 

6.5 Description about the Feature Heat Map 

To make the feature map straightforward, we add the feature heat map using the 

Gradient-weighted Class Activation Mapping (Grad-CAM) algorithm. By giving an 

image and belonging class, we forward propagate the image through our network, get 

the raw score for the category, and set the gradients to zero for all classes except the 

desired class. Then backpropagated to the rectified convolutional feature maps of 

interest, combined to compute the Grad-CAM visualizations. 

𝛼𝑘
𝑐 =

1

𝑍
∑ ∑

𝜕𝑦𝑐

𝜕𝐴𝑖𝑗
𝑘𝑗𝑖      (6) 

First, we do the forward propagate on the image with its corresponding class, use the 

above formula to calculate the gradient of the score. Whereas 𝑦𝑐 is the gradient of score 

for their class, and 𝐴𝑘  is the corresponding convolutional layer. Through the partial 

deviation, we obtain the neuron importance weights 𝛼𝑘
𝑐 as the foundation of the weight 

of the feature map. 

𝐿𝐺𝑟𝑎𝑑−𝐶𝐴𝑀
𝑐 = 𝑅𝑒𝐿𝑈(∑ 𝛼𝑘

𝑐𝐴𝑘
𝑘 )    (7) 
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Next it followed by a weighted combination of forward activation maps and use the 

ReLU function to get the feature with positive influence on the determine of class.  

𝑆𝑐 = ∑ 𝑤𝑘
𝑐 1

𝑍𝑘 ∑ ∑ 𝐴𝑖𝑗
𝑘

𝑗𝑖        (8) 

CAM use specific kind of architecture where global average pooled convolutional 

feature maps are fed into softmax directly to produce a localization map for 

classification. These feature maps pooled using Global Average Pooling (GAP) and 

linearly connected to get the score 𝑆𝑐 for each class 𝑐. 

         

Figure 20 Original and Image with feature heat map 

The above procedure, allow us to get the feature heatmap with the input image and 

corresponding class. The image above shows the output when we applying the Grad-

CAM. 
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Chapter 7. System Quality 

Talking about the performance of our model, we have separated it into two parts. The 

patient level and the slice, which has been introduced before, the patient level we use 

all chest CT image of one patient to predict, while for slice level, we use the exact 

image to calculate the score. Overall, our model has 92.88% accuracy for the patient 

level and 91.25% accuracy for the slice level. 

        

Figure 21 Patient level                          Figure 22 Slice level 

Fig.12 and Fig.13 shows the receiver operating characteristic curve (ROC curve) of our 

classifier.  

 

Figure 23 patient level ROC                          Figure 24  slice level ROC 

Through the above judgment criteria, we can find that it has robust classification on 

different cases of patients. No matter the CT image is common pneumonia, Covid-19, 

or health, our classifier can accurately test the result of the input. 
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Chapter 8. Ethics and Professional Conduct 

We have followed the principle of not stealing. Our project has authorized resources of 

the dataset. We have asked the UM team for the dataset and received their agreement.  

We have followed the principle of not hurting. All the data we gathered will only be 

used for scientific research, will not be used for business and other purposes. 

We have followed the principle of not cheating. Although there has been code for the 

Covid-19 classification already, we are making our effort to create a new network 

model, make innovation on the model by importing different algorithms that may have 

better performance. 
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Chapter 9. Conclusion 

Overall, we have dealt with many challenges. We have founded a way to pre-processing 

the chest CT image, and modified the ResNet-18 with the feature pyramid networks， 

which has a robust prediction effect, used Grad-CAM algorithm to realize the feature 

heat map. To improve user satisfaction, we set up the website user interface for 

visualizing the project detail and the online diagnosis.  

We use different kinds of image processing methods to get the valuable area mask of 

the lung parenchyma for the pre-processing part. With the sophisticated pre-processing 

method, we can eliminate the unnecessary noise of the chest CT image. Besides, it’s a 

universal procedure. It can be used on other kinds of the image with a clear outline to 

eliminate the noise. 

Talking about the neural network part, while the ResNet-18 already has a fantastic 

effect on image classification. We combine the ResNet-18 with the feature pyramid 

networks by combining the different scales of the output feature map from the residual 

block due to the reason that the key feature of the image is not limited to the small pixel 

but also the rough range of pixels. Therefore, our network can evaluate the score of the 

image from a more comprehensive perspective.   

In the graphic user interface part, we set up a website and using the VUE for the front-

end design. Therefore, the width of our website can be adapted on different devices. 

The easy-to-use interface provides the user a platform for online chest CT image 

diagnosis. It shows an overview of the flowchart of how can the neural network be used 

for medical picture recognition. We do hope want we have done can make progress on 

machine learning and make our product utilize to people in the world. 
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